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The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this [report] “Shell”, “Shell group” and “Royal Dutch 
Shell” are sometimes used for convenience where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are 
also used to refer to subsidiaries in general or to those who work for them. These expressions are also used where no useful purpose is served by identifying the particular 
company or companies. ‘‘Subsidiaries’’, “Shell subsidiaries” and “Shell companies” as used in this [report] refer to companies over which Royal Dutch Shell plc  either directly 
or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to “joint ventures” and “joint operations” 
respectively.  Entities over which Shell has significant influence but neither control nor joint control are referred to as “associates”. The term “Shell interest” is used for 
convenience to indicate the direct and/or indirect ownership interest held by Shell in a venture, partnership or company, after exclusion of all third-party interest. 
This [report] contains forward-looking statements concerning the financial condition, results of operations and businesses of Royal Dutch Shell. All statements other than 
statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on 
management’s current expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or events to differ 
materially from those expressed or implied in these statements. Forward-looking statements include, among other things, statements concerning the potential exposure of 
Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These forward-looking 
statements are identified by their use of terms and phrases such as ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, ‘‘objectives’’, ‘‘outlook’’, 
‘‘plan’’, ‘‘probably’’, ‘‘project’’, ‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and phrases. There are a number of factors that could affect the future 
operations of Royal Dutch Shell and could cause those results to differ materially from those expressed in the forward-looking statements included in this [report], including 
(without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell’s products; (c) currency fluctuations; (d) drilling and production results; 
(e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h) risks associated with the identification of suitable potential 
acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing business in developing countries and countries subject 
to international sanctions; (j) legislative, fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and financial market 
conditions in various countries and regions; (l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays 
or advancements in the approval of projects and delays in the reimbursement for shared costs; and (m) changes in trading conditions. All forward-looking statements 
contained in this [report] are expressly qualified in their entirety by the cautionary statements contained or referred to in this section. Readers should not place undue reliance 
on forward-looking statements. Additional risk factors that may affect future results are contained in Royal Dutch Shell’s 20-F for the year ended December 31, 2015 (available 
at www.shell.com/investor and www.sec.gov ). These risk factors also expressly qualify all forward looking statements contained in this [report] and should be considered by 
the reader.  Each forward-looking statement speaks only as of the date of this [report], [09 JUL 2018]. Neither Royal Dutch Shell plc nor any of its subsidiaries undertake any 
obligation to publicly update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks, results could differ 
materially from those stated, implied or inferred from the forward-looking statements contained in this [report].
We may have used certain terms, such as resources, in this [report] that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our 
filings with the SEC.  U.S. Investors are urged to consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov. 

http://www.shell.com/investor
http://www.sec.gov/
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Created to fill a gap in Shell’s R&D supply chain

Traditional 
R&D3+ Years 0-2 Years Contracts & 

Procurement
Available 

Today

Solution:
• Direct business 

funding
• Fresh perspective 

from outside oil & 
gas

• Agile and 
entrepreneurial 
culture

• Tech pull vs. tech 
push

Barriers:
• Annual budget cycles
• “Because we’ve 

always done it this 
way”

• Layered decision-
making

• Reliance on vendors

Shell TechWorks
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Robust 
Ecosystem

Systems Engineering

T-shaped SkillsAgile 
Management

Shell TechWorks
Bringing an outside perspective to 

Shell’s toughest challenges
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Design Thinking

Systems Thinking

§ User-focused 
§ Iterative
§ Solution-based

§ Holistic, sum > parts
§ Interfaces & feedback loops
§ Problem-based

Source: Disrupt Design

Source: Design Thinking 101, nngroup.com

Shell TechWorks
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The Concepts

Identify, Understand, 

and Define 

The Problem

Plan, Implement, and 

Deploy 

The Solution

Systems
Products

Systems Integration
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What should it do?

Structure
What should it look like?
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Use cases describe how the 
system will be used in its 
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detail lower level 
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Requirements
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Behavior
What should it do?
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Requirements
How should it be specified?

Behavior
What should it do?

Structure
What should it look like?
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Allocated to

Block Definition Diagrams describe the 
physical, structural hierarchy of the 
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Internal Block Diagrams 
show interfaces between 
system elements and 
between the system and 
external entities (i.e. 
power, data, environment, 
etc.)
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d b
y

How to Describe a System?
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The Challenge: How do we visualize complex systems 
to better understand where to target innovation? 
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Influential Attribute Network Graphs
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The Benefits
• Benefits to Architect

– Reduce Ambiguity

– Manage Complexity

– Employ Creativity

• Bridge gap between KPI’s and system design/operations

• Facilitate communication between execs and engineering 

team

• Cut through SME bias

• Help determine where to focus resources

www.incose.org/symp2018 16
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Subsea Well Plug & Abandonment
Case Study 1



Purpose of Plug and Abandonment
• When wells are no longer economic to produce they must be 

Plugged and Abandoned. 
– Provide downhole isolation of hydrocarbon and sulphur zones
– Protect freshwater aquifers
– Prevent migration of formation fluids within the wellbore to the 

seafloor.
• Must comply with BSEE 250.1700 decommissioning 

regulations and Shell Standards
• Well owners are required by law to hold the liability to P&A a 

well for all active wells
– Liability includes the full cost to P&A the well

www.incose.org/symp2018 18



The Challenge
• Project Charter: 

– Reduce Shell’s P&A liability in US GoM Subsea well portfolio by 
20% through technology deployment

• Project Challenges:
– Intense pressure from business to meet target
– Project sponsor with existing funnel of technologies
– New STW team with little wells domain knowledge
– Constrained resources (people)
– SME bias and risk aversion

www.incose.org/symp2018 19



How to P&A a Subsea Well in One slide
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Well Abandonment Cost Breakdown
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Rig/BOP
68%Transportation

10%

Production 
Equipment

5%

Misc. Services
5%

Cement Services
1%

Reels
2% Support Staff

2%

Fixed Cost 
Services

7%

Well Abandonment Total Cost Breakdown 
(Example)

Mobilize & Transit 
Vessel
13%

Deploy/Test IS
23%

Cut and Pull Casing
39%

Deliver Cement
5%

Test Plugs
5%

Retrieve IS
9%

Demobilize & Transit 
Vessel

6%

Install & Test 
Plugs
49%

Operation Time Breakdown
(Example)

Making a step change decrease in costs requires addressing the RIG/BOP costs.
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Benefits Realized
• What’s important?

– Graphs helped simplify a complex system and understand the critical factors.
– Helped see the forest through the trees.

• Simplified communication
– Facilitated conversation with SMEs and stakeholders
– Bridge the gap between the highest level KPIs and system design/Operations

• Direct program resources
– Identifies specific scope of work that directly provides value to KPI.

• Develop and assess alternatives
– Helps team brainstorm alternatives
– Shows how alternative solutions fit-in and impact the rest of the system

www.incose.org/symp2018 24
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Subsea Equipment Installation
Case Study 2



Design 

4%
 Construction 


6%


Procurement 
Equipment 


26%


Hook-Up & 
Installation 


28%


Commissioning

3%


Owner costs

18% 


Contingency 

15% 


Prelude FLNG SURF System


The Problem
• Subsea equipment costs are 

rising as we develop deeper and 
more challenging fields

• Installation costs represent more 
than ¼ of the total subsea costs 
of a Greenfield development 
project and about 1/3 of 
installation costs come from 
construction vessel charter rates.

www.incose.org/symp2018 26

Historical and forecast subsea equipment costs 
(IHS CERA October 2013 capital costs analysis forum)



The Opportunity
Opportunity Statement: Subsea installation costs can be 
reduced by floating modules to their sites using a submersible 
barge towed by a smaller vessel.

Scope: 
• Focus on subsea manifold installations only
• Use data from two recent subsea field developments

Approach:

27

Understand
Existing system

Engage
Experts

Define
Concepts

Assess
Options

Analyze
Cost drivers
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Mobilization

5 days 3 days

Preparatory 
Works

Mudmats 
(3x) 

Installation 

Suction piles 
(4x) 

Installation 

Manifolds 
(3x) 

Installation 

Xmas Trees 
(4x) 

Installation 

Various Operations
De-mobilization

4 days 4 days 3 days 7 days 6 days 4 days

Vessel Type
Total 

Installation 
Time

Subtracted Installation 
Time for Piles + Trees

Manifold Installation Time 
for Base Estimate Mob / De-mob Time

Heavy Lift 
Vessel 27 days 11 days 16 days 9 days

Mudmats & manifolds were installed separately, but mudmats are 
designed to hold the weight of the manifold so they must be installed 
with clump weights, which then need to be removed before manifold 
installation can begin.  

Concepts may be capable of installing other 
structures like piles and trees but for the scope 
of this study, only manifolds are considered. 

Concepts will assume mudmats and 
manifolds can be installed together for 
those concepts that offer sufficient 
margin on lift capacity to do so.

Base Case: manifolds & mudmats
Upside: suction piles, trees, PLETs, PLEMs, 
jumpers, templates, SDAs, SUTAs

Understanding Cost Drivers
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Project Location

Programmatics

System 
Architecture

Operational 
Constraints

Water Depth

Tide

Bottom Visibility

Current

Wave / Wind

Weather Forecast

Soil Conditions / Properties

Seabed Topography

Contract Strategy

Vessel Availability

Vessel Day Rate

Distance to Site

Facility Capabilities

Complexity of ROV Tasks

Hydrostatic/dynamic Effects

Entrapped Air

Submerged Weight

Type of Vessel

Vessel Response Characteristics

Deck Handling / Over boarding

DP Capability

Type of Lifting Gear

Crane Capacity

Weight of Crane Wire in DW

Crane Tip Motion

Crane Hoisting / Lowering Speed

Tugger Line Forces

Guide Wire Forces

Load Reducing Systems

ROV Station Keeping

ROV Working Range

Regulations

Governments

Field 
Characteristics

Commercial 
Context

Staging Location

Installation 
Vessels

Payload

Installation 
Equipment

ROV

Operation Reference Period 

Exp. time to reverse operation

Contingency Procedures

Operational Regulations

Schedule

Budget

Risk Tolerance

Understanding Cost Drivers
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Total CostCAPEX

OPEX

Other

Design Procurement InstallationLifecycle

Land 
Transport

Loadout Seafastening Mobilization Deployment
De-

MobilizationCommissioningL1 Use Cases

Deploy 
Comm Array Liftoff Lower Thru 

Splash Zone
Transfer to 
A&R Winch

Lower thru 
Water Column

Set-down & 
PositioningL2 Activities

Transport 
Barges

Installation 
Vessel

ROV
Vessel

L1 Architecture

Vessel 
Day Rate

Operation 
Time

Vessel 
Day Rate

Operation 
Time

Vessel 
Day Rate

Operation 
Time

L1 Cost Drivers

Topsides
Dynamic 

Positioning 
Subsystem

Crane A&R 
WinchL2 Architecture

Deck 
Space

Surface 
Positioning

Heave 
Compensation

Lifting Cable 
Type

Lift CapacityL2 Requirements

L2 Cost Drivers Splash Zone 
Loads

Metocean 
Conditions

Weather 
Forecast

Water 
Depth

Submerged 
Weight

Cable 
Length

# and Size 
of Payload Placement 

Accuracy

Seabed 
Topography

Well Jumper 
Design / 

Construction

Dry 
Weight

A breakdown of the major cost elements 
for a manifold installation campaign, 
showing linkages from: 

• Fundamental cost drivers to
• Driving requirements to
• Subsystem architecture to
• Higher level cost drivers to
• System architecture to
• System use cases & activities

This isn’t a full mapping of cost drivers to 
use cases; rather, it is an attempt to 
simplify the relationship between physical 
systems, functionality, and requirements. 

Goal: identify the relative influence of key 
cost drivers to specific phases of the 
operation in order to help inform concept 
development.

Understanding Cost Drivers
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Understanding Cost Drivers

Understanding when in the 
operation certain subsystems 
are required will help identify 
how much of the operation is 
driven by each fundamental cost 
driver. 

In the “Deploy Comm
Array” activity, only the 
Installation Vessel is 
required, and of the 
major subsystems 
within the vessel 
system, only the 
topsides, DP, and A&R 
winch are utilized.
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Understanding Cost Drivers

In the “Liftoff” activity, 
the Installation Vessel 
and Transport Barges 
are required. 
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Understanding Cost Drivers

In the “Lower Thru 
Splash Zone” activity, 
only the Installation 
Vessel is required, and 
within the vessel 
system only the DP 
and crane subsystems 
are utilized. 

Splash 
Zone
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Understanding Cost Drivers

In the “Transfer to A&R 
Winch” activity, the 
Installation and ROV 
Vessels are required. 
Transfer to the winch is 
the last operation in the 
sequence requiring the 
crane subsystem. 
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Understanding Cost Drivers

In the “Lower Thru 
Water Column” activity, 
the Installation and 
ROV Vessels are 
required, and within the 
vessel system only the 
DP and A&R winch 
subsystems are 
utilized.
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Understanding Cost Drivers

In the “Set-down & 
Positioning” activity, 
the Installation and 
ROV Vessels are 
required, and within the 
vessel system only the 
DP and A&R winch 
subsystems are 
utilized.
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• Majority of HLV cost spent on 
only a small fraction of the 
operation

• Key requirements for the crane 
are heave compensation and lift 
capacity, which are driven 
primarily (not solely) by splash 
zone loads and the submerged 
weight of the payload
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Hypothesis: if we can transfer the 
payload to the winch without 
lifting and lowering it through 
the splash zone, we can replace 
the costly primary function of the 
vessel, thereby avoiding the high 
vessel day rates. 

?

?

? ?
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Metocean 
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Submerged 
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Dry 
Weight

?
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Seabed 
Topography
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?

?
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?

?
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?
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Portable Off-the-
Shelf Dynamic 

Positioning 
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Traction 
Winches 

(3x)
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Open Ocean 
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Payload 
Transport

Manifold 
Attachment 
Assembly

Additional 
mob/demob 

trips at 
cheaper rate

• A portable, off-the-shelf dynamic positioning system 
can be installed on the barge for a fraction of the 
cost of outfitting an entire HLV 

• In place of a crane, a manifold attachment assembly 
serves as the interface between the barge and 
payload, provides stability during operations and 
transport, and alleviates splash zone loads

• Three traction winches take the place of the A&R 
winch, meaning the capacity of each winch can be 
reduced while providing redundancy

• Lower charter rate means deck space is no longer a 
factor since it is now economical to make individual 
mob/demob trips for each payload

Concept Features:

100t Bollard pull tug
Custom-built double 

pontoon barge

DP Thrusters w/ diesel 
hydraulic power units

DP Control 
Van

Manifold 
Attachment 

Assembly (MAA)

Three traction winches + 
sheaves 

3

Concept Definition
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